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Study Rationale and Objectives

Warmwater fish are exotic to the Pacific Northwest, and can prey on and compete with native
fish and wildlife (Wydoski and Whitney 1979; Pflug and Pauley 1984; Poe et al. 1991; Kane et al. 1992;
Tabor et al. 1993; Curet 1993; Fayram 1996; McMahon and Bennett 1996).  Perhaps the interactions
currently of most concern in Washington are those with wild salmonids.  Some once-abundant salmon
runs have declined to such low levels that they are eligible for listing under the Federal Endangered
Species Act.  Many factors have been blamed for these declines including overfishing, hydropower,
urbanization, logging practices, hatchery practices and interactions with exotic species. 

To meet these growing concerns, the Washington Department of Fish and Wildlife developed a
Wild Salmonid Policy to guide agency efforts in salmon restoration.  A part of this policy states that
specific steps will be taken to limit the impacts of exotic species on native salmonids.  Additionally, an
important part of  recent  warmwater surcharge legislation designed to enhance fishing opportunities for
warmwater species is that warmwater fish cannot be enhanced where there may be significant impact to
wild salmonids.  Knowledge of where and to what extent warmwater fish may be impacting salmonids is
vital to the management of both warmwater fish and salmon.

The purpose of our study is to determine the extent and nature of interaction between common
warmwater fishes and native anadromous salmon.  We have two goals for our study, depending on
available funding. They are to (1) estimate the degree of overlap in distribution among various
warmwater and salmon species, and (2) estimate the impact of warmwater fish predation and
competition on coho salmon migrating through and rearing in Western Washington lakes.  We are
currently in the first year of our study, so the following provides a brief overview of our goals and
methodologies.

Goal 1. Identify the degree of overlap between the distribution of warmwater fish and selected
salmon species.

The extent of spatial overlap among various warmwater fish and salmon is important to evaluate
the degree of interaction in watersheds statewide. We are investigating the degree of overlap in
distribution  using geographic information systems (GIS) technology.   Gradient and elevation ranges for
warmwater species is being obtained from preexisting data and will be truth checked with information
from field surveys. This information will be used to develop a GIS overlay of potential warmwater fish
distribution by major species in Washington state. Warmwater species overlays will be placed over 
existing maps of salmon distribution (WDFW, Unpublished Data)  to identify areas where overlap may
occur.   

The products from this work will be: (1)  maps of Washington showing areas where the potential
exists for various warmwater fish and salmon species to interact; (2) a determination of the extent of this
overlap for various salmon stocks; and (3) a prioritization of watersheds on the basis of potential for
interaction.

Goal 2. Investigate the extent of warmwater fish predation and competition on coho salmon in
three Western Washington lakes.

Within overlap areas, warmwater fish have the potential to affect salmonid populations through
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competition and predation. The effects of warmwater predators on salmon populations in the Columbia,
Yakima and Snake River systems and two large Western Washington lakes have been studied by
several researchers (Pflug and Pauley 1984; Poe et al. 1991; Shively et al. 1991; Curet 1993; Tabor et
al. 1993; Burley and Poe 1994;  Fayram 1996;  McMichael, WDFW Unpublished Data). However, little is
known about potential interactions which may occur in the hundreds of smaller lowland lakes in western
Washington. Many of these lakes contain warmwater species and provide important juvenile salmon
rearing habitat and migration corridors. 

We are investigating the extent of predation and competition by warmwater species on coho
salmon migrating through and rearing in three Western Washington lakes (William Symington, 32 ha; 
Wildcat, 44 ha; and Long, 130 ha).  Coho salmon smolts pass through these lakes on their migration to
the sea, and also use these lakes for rearing areas as fry. These three lakes all have traps on the outlet
which are being monitored to enumerate the number of  salmon smolts leaving each lake.

The Wisconsin bioenergetics model (Hanson 1997) is being used to estimate the total number of
smolt equivalents consumed by piscivores in each lake. This estimate will be then compared to the total
number of smolts leaving the lake to estimate degree of smolt loss to both warmwater and coldwater
piscivores.  Required model inputs are the predator abundance, thermal histories of the waters where
predation is taking place, stomach content data, and energy densities of both predators and prey. We are
estimating the total number of piscivores (both warmwater and coolwater fishes)  in each lake using
standard electroshocking, netting, and mark-recapture techniques (Ricker 1975).  Feeding habits of the
piscivores are being evaluated throughout the year at two week intervals during smolt migration and at
monthly intervals throughout the remainder of the year using stomach-flushing techniques and stomach
content analysis. All salmon recorded from stomachs are being converted to smolt equivalents.  Thermal
histories of predators are being obtained from hydrolab data collected in areas where fish were captured.
In upcoming seasons, we will investigate food competition between warmwater panfish populations and
juvenile salmon.

Products from this study will be  (1) an estimate of the number of coho salmon smolts passing
through three lakes which are eaten by both warmwater and coldwater piscivores; (2) an estimate of the
number of coho salmon smolt equivalents rearing in the lake which are eaten by picivores; (3) that
component of fry and smolt picivory which is due to warmwater fish; (4) a comparison of the number of
coho salmon removed by predators to the size of the overall run leaving the lake; and (5) a preliminary
evaluation as to whether or not food availability is limiting coho salmon rearing in these three lakes.
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